Teat number, hairiness and set of ears in a Piétrain cross: variation and effects on performance traits Summary A F 2 -resource population has been constructed by mating five Piétrain boars to one Landrace, one Large White and twelve Landrace × Large White crossbred sows in the parent generation. From 116 animals of the F 1 and from 2706 animals of the F 2 teat number was recorded with reference to side. The average number of teats in the F 1 -generation was 7.1±0.5 on the left body side and 7.0±0.6 on the right body side. The F 2 -offspring had an average teat number of 6.9±0.6 on both sides. The phenotypic and genetic correlations between left and right side teat number were 0.56 and 0.96, respectively. A Bayesian heritability estimate of 0.23±0.05 was obtained for total teat number. The density of hairiness was scored into the categories little, normal and very hairy and the set of ears into the categories prick-eared, intermediate and lop-eared. Data of 113 F 1 -animals and 2770 F 2 -animals were available. Bayesian analyses provided heritabilities of 0.27±0.07 for the density of hairiness and of 0.37±0.08 for the set of ears. In further analyses the traits teat number, hairiness and set of ears were taken as phenotypic markers. The effect of teat number on growth development during pregnancy and on several fatness traits of the carcass was significant. The set of ears showed a significant influence on growth traits only. Significant effects on birth weight and different carcass traits could be found for the density of hairiness. From the phenotypic effects it can be concluded that "lop ear" is linked to Landrace alleles and "little hairy" is linked to Piétrain alleles.
Introduction Teat number
The typical number of teats in domestic breeds and their constancy varies widely. According to LÖFFLER (1991) , the characteristic pair number of nipples is one in sheep, goats, and horses, two in cattle, four in cats, four to six in dogs, and six to eight in pigs. NACHTSHEIM (1925) found a higher variation of four to nine pairs of teats in pigs. He distinguished three categories of teats: a) the "normal" teats, in general 14 teats, which are symmetrically distributed in two rows, b) the supernumerary teats, frequently observed between the third and fourth pair of teats and c) the rudimentary teats. They are also a kind of supernumerary teats, which are placed between the thighs or on the scrotum of boars. For the rudimentary teats WENTWORTH (1913) found a recessive, sex-linked mode of inheritance which was however not confirmed by NACHTSHEIM (1925) . The observed variation in total teat number and the occurrence of asymmetrical placement is due to the absence of teats. NACHTSHEIM (1925) found that as a rule the nipples of the second and sixth pair are incomplete or one pair or both pairs are absent. Asymmetry in placement of the teats occurs if one pair of teats is incomplete. WENTWORTH (1913) distinguished two patterns of asymmetry, which he denoted as "suppressed nipple pattern" and "triangular pattern". The first described pattern shows a lack of one teat in a pair, but all other pairs are symmetrically distributed. In the "triangular pattern" the incomplete teat pair and one neighbouring complete pair generate a triangle. SCHMIDT et al. (1936) found a proportion of 38 %, WILLHAM and WHATLEY (1963) reported a proportion of 40 % and MAYER and PIRCHNER (1995) a proportion of 34 % asymmetrical animals. A high correlation between asymmetry and inverted nipples of 0.69±0.02 was computed by MAYER and PIRCHNER (1995) , but they could not prove an additivegenetic inheritance of asymmetry. This is concordant with PLUM (1938) who assumed that hereditary factors are of minor importance for asymmetry. The absence of the second and the sixth pair of teats is common in the European wild pig (Sus scrofa), thus ten teats are the most frequent number (NACHTSHEIM, 1925) . SCHMIDT et al. (1936) also mentioned that in the wild pig also animals with eight or twelve teats occur, but a number of ten teats is the most frequent. NACHTSHEIM (1925) explained the higher number of nipples in the Western domestic breeds by crossbreeding with the Asian Sus vittatus pigs. HALEY et al. (1995) reported a number of 17 nipples in purebred Meishans. An overview of the average teat number in Polish pig breeds (ORZECHOWSKA and MUCHA, 1998) clearly demonstrates the intermediate position of the Western breeds: the average teat number in Polish Large White, Polish Landrace, Belgian Landrace, Zlotniki White, Pulawy, Zlotniki Pied, Hampshire, Duroc and Piétrain was reported with 14.7, 14.7, 13.8, 14.2, 14.9, 14.0, 13.9, 13.4 and 13.9 , respectively. In Table 1 further studies on the average number of teats are presented. A wide range of heritability estimates from 0.07 to 0.79 has been found (Table 1) , most of them situated in an interval from 0.30 to 0.50. Numerous estimations of heritability for nipple number were carried out owing to the high economic importance of this trait. Especially the number of good teats is important for the mothering ability and reproductive performance of a sow, because a sow seldom weans more piglets than the number of teats it has. But knowledge on the number of genes responsible for the inheritance of nipple number is limited. In an early study SCHMIDT et al. (1936) suggested an intermediate mode of inheritance possibly inclining to the parent with the smaller number of teats, but left the question open how many genes could be involved. It was found by LIU et al. (1995) that the defect of inverted teats in the Shanxi Black breed is due to a single autosomal recessive gene. Allen et al., 1959 Enfield and Rempel, 1961 Skjervold, 1963 Willham and Whatley, 1963 Hanset and Camerlynck, 1974 Pumfrey et al., 1980 Clayton et al., 1981 Smith et al., 1986 McKay and Rahnefeld, 1990 Kuciel and Chvatalova, 1992 Gaur and Chhabra, 1995 Ligonesche et al., 1995 Seo et al., 1996 Wang et al., 2000 Zhang et al., 2000 Lee and Wang, 2001 Hirooka et al., 2002 154  3565  2180  1362  1473  18704   4342  1579  7513  2148  3202  456  1370  78  5351  4711  4033  1083  3803  2134  2130  2504  1464  1848  1894  2802  18632  19109  13454  9898 Recently, first studies showed evidence for quantitative trait loci (QTL) on Sus scrofa chromosomes 1, 2, 3, 6, 7, 8, 10, 11, 12 and 16 (WADA et al., 2000; BIDANEL et al., 2000; ROHRER, 2000; CASSADY et al., 2001; HIROOKA et al., 2001) . These results indicate a polygenic inheritance of the teat number.
Hairiness
The density of hairiness is determined by the number of hair follicles. WATSON and MOORE (1990) state that the total hair follicle population in the pig, as in many other mammals, is established before birth and a postnatal initiation does not occur. The inheritance of a nearly hairless phenotype, caused by a reduced number of hair follicles, is described by ROBERTS and CARROLL (1931) (ROBERTS and CARROLL, 1931) . A lethal inherited type of hypotrichosis has been investigated by MEYER and DROMMER (1968) . This kind of hypotrichosis is inherited by an autosomal dominant gene. Homozygous animals die within ten days and the heterozygous piglets show a decreased vitality. Another type of hairiness, the woolly hair, was mentioned by RHOAD (1934) in Brazilian Canastrao pigs. This hair condition, shown e.g. by the Mangalitza breed, is inherited by a single autosomal dominant gene being independent from coat colour, coat pattern and sex. Some of the woolly pigs also possessed the gene for partial hairlessness, which seems to be inherited independently from the woolly hair condition. The arrangement of whorls or swirls in the hair of pigs was explained with the interaction of two dominant genes (NORDBY, 1932) .
Set of ears
The set of ears in pigs ranges from prick to lop. Intermediate characters of these extremes often appear, especially in crossbred pigs. In domestic pigs the Large White is a typical breed with erect ears and the Landrace a typical lop-eared breed. An intermediate character is shown by the Piétrains with almost erect ears, which are directed forwards (PORTER and TEBBIT, 1993) . The mode of inheritance of the set of ears is not well investigated so far. PORTER and TEBBIT (1993) postulated that lop is generally simple dominant and prick simple recessive, but CARR-SAUNDERS (1922) found a simple dominance of the prick form in crosses with prick-eared Berkshires and lop-eared Large Blacks. In this paper we firstly present data on the variation of teat number, hairiness and set of ears in a F 1 and a F 2 of a Piétrain cross. Secondly, we provide Bayesian heritability estimates and analyses where the number of teats, the hairiness and the set of ears were used as a marker for direct or linked effects on several growth and carcass traits.
Materials and methods

Animals
A three-generation crossbreeding experiment was carried out by crossing five purebred and genetically stress resistant Piétrain boars with one Landrace, one Large White and twelve Landrace × Large White crossbred sows. A number of 14 fullsib groups, consisting of a total of 14 boars and 120 sows, produced 4258 born piglets by repeated fullsib matings. These F 2 -animals were reared and fattened on the experimental piggery Hohenschulen (ten pigs/pen) and on the research station "Alte MPA" (two pigs/pen) of the ChristianAlbrechts-University of Kiel. All culled F 1 -sows and F 1 -boars and the finished F 2 -pigs were slaughtered in a commercial abattoir.
Registering teat numbers
Teat number was recorded in both generations with reference to side. Additional and abnormal teats were not considered. The teats of the F 1 -animals were counted on the live animal on the day of slaughter. Teat number of the F 2 -offspring was counted during the slaughter process after blazing off the bristles on the unseparated carcass. Data from 116 F 1 -and 2706 F 2 -animals were registered this way.
Judging hairiness and the set of ears
The density of hairiness was subdivided into the three categories little hairy (1), normal hairy (2) and very hairy (3). According to the founder lines the set of ears was evaluated in the categories prick-eared (1, Large White type), intermediate (2, Piétrain type or other intermediate forms) and lop-eared (3, Landrace type). The judgement was always done by the same person at the end of the fattening period. A data set of 113 observations from F 1 and 2770 observations from the F 2 was recorded.
Growth and carcass measurements
A detailed description of the recorded growth and carcass traits (different weights and corresponding daily gains, the FOM protocol and performance test data, see Table 2 ) in the F 2 -generation can be found in BORCHERS (2002).
Statistical methods a) Estimation of heritabilities for teat number, hairiness and set of ears A first analysis of the data using the MIXED procedure of the SAS package (SAS, 1992) with sire, dam and litter as random effects did not show any significance for the following effects: parity (first or higher), generation (F 1 or F 2 ) and a linear regression on pregnancy length. Sex (female or castrated male) was significant for teat number and set of ears, a linear regression on litter size for set of ears and a seasonal effect (month of slaughter for teat number and month of judging for hairiness and set of ears) for all three characters. Therefore, the following animal models were used: Bayesian estimates for variance components were computed with the help of the LMMG program (REINSCH, 1996) . Posterior means are reported as estimates for the variance components. Heritabilities for the left and right side teat number and the difference of sides were also calculated with the described statistical model. According to WILLHAM and WHATLEY (1963) , the phenotypic and the genetic correlation between left and right side nipple number was estimated as: 2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2   2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2   29  29  74  34  29  29  74  34  34  34  34  34  34  34  34  34  34  34  34  34  34  34  34  34  34  34  34  34  34  34  34  34  34  34  34   ---------107  107  107  ----106  107  107  107  107  107  107  ------------120  119  119  114  120  119  119  114  114  114  114  114  114  114  114  114  114  114  114  114  114  114  114  114  114  114  114  114  114  114  114  114  114  114  114   406  400  399  394  406  400  399  394  394  394  394  394  394  394  394  394  394  394  394  394  394  394  394  394  394  394  394  394  394  394  394  394  394  394 
where is the phenotypic or additive-genetic variance of the total nipple number and is the phenotypic or additive-genetic variance of the absolute (sign ignored) difference between left and right side nipples. b) Relationship of teat number, hairiness and set of ears with growth and carcass traits The statistical analysis was performed using the procedure MIXED of the SAS package (SAS, 1992) . In a mixed model sire, dam and common litter environment were considered as random effects and sex (female or castrated male), parity (first or higher), day of slaughter and the seasonal group were further effects. The seasonal groups were defined as 'month of mating' for daily gain during the pregnancy, 'month of birth' for birth weight and daily gain during the suckling period, 'month of weaning' for weaning weight, 'the rearing group' (piglets weaned at the same month and stalled to the same flatdeck) for starting weight and daily gain during the rearing period, 'the fattening group' (pigs started at the same month and stalled to the same farm) for end weight, daily gain during the fattening period, live daily gain and all the carcass traits. To investigate the impact on growth and carcass traits the teat number was grouped into the classes ≤ 12 teats, 13 teats, 14 teats and ≥ 15 teats, the set of ears with the classes prick-eared, intermediate and lop-eared and the hairiness with the classes little, normal and very hairy. The number of classes of each effect and the regressor variables are listed in Table 2 for each growth and carcass trait.
3.
Results and discussion Teat number The Figure shows the distribution of total teat numbers in the F 1 (white column) and F 2 (grey column). Total teat number varied from eleven to 17 in the F 1 and from seven to 17 in the F 2 . Distribution of the total teat numbers in the F 1 (white column) and F 2 (grey column) (Verteilung der Gesamtanzahl der Zitzen in der F 1 (weiße Säule) und F 2 (graue Säule)) Two animals were recorded which had only seven or nine teats. They were considered in the group of animals with ten teats. The means and standard deviations for total teat number in the F 1 were 14.1 and 0.9, for left side 7.1 teats and 0.5 and for right side 7.0 teats and 0.6. The F 2 -offspring had an average total teat number of 13.8±1.0 and an average of 6.9±0.6 on both sides. Most of the F 2 -animals had 14 teats like the F 1 -animals, but mean and standard deviation show a tendency to a reduced teat number with a slightly higher variation. In our experiment each F 2 -animal had two fullsibs as parents and therefore, if effects of recessive alleles reducing teat number exist, they would become apparent here. An average teat number of 14.1 in the F 1 and 13.8 in the F 2 in crosses involving Piétrain, Landrace and Large White pigs is concordant with the reported average teat number for these breeds in the literature (ALLEN et al., 1959; SKJERVOLD, 1963; HANSET and CAMERLYNCK, 1974; SMITH et al., 1986; ORZECHOWSKA and MUCHA, 1998) . The observed phenotypic variation is in good agreement with NACHTSHEIM (1925) who stated that teat number ranges from eight to 18 and that 14 teats are the normal number. In practical experiments NACHTSHEIM (1924), SCHMIDT et al. (1936) and PLUM (1938) could also prove a high phenotypic variance in nipple number, but HANSET and CAMERLYNCK (1974) found an asymmetrical distribution in the Piétrain with a tendency to a lower teat number. However, HANSET and CAMERLYNCK (1974) report only small differences between the means of teat number of the Piétrains and the white breeds and a equal mode of 14 for all three breeds. An unequal teat number on the left and right side of the body was observed in 29.3 % of the F 1 -animals and 38.9 % of the F 2 -animals. These values are in good correspondence with the values of the literature mentioned above. The maximum difference between the left and right side were two teats, contrary to WILLHAM and WHATLEY (1963) who reported a difference of four teats. In agreement with WILLHAM and WHATLEY (1963) and MAYER and PIRCHNER (1995) the heritability for the difference between left and right side teat number was near zero (Table 3) . The low heritability for the difference between the number of left and right side teats is explained by the very high genetic correlation of 0.96 in our data. This correlation is supported by similar values calculated by WILLHAM and WHATLEY (1963) and SEO et al. (1996) . They show that the occurrence of asymmetry is random and due to environmental conditions. Estimates from the literature for the heritability of nipple number in Table 1 show a wide range from 0.07 to 0.79. Most of the estimates are between 0.30 and 0.50 indicating that our heritability estimate of 0.23 is on the lower limit of the interval. Lower heritabilities were computed for left and right side teat number similar as in the study of SEO et al. (1996) . A proportion of 2 % of the phenotypic variation of total teat number was due to common litter effects (c 2 ) while this proportion was near zero for left and right side teat number. HANSET and CAMERLYNCK (1974) found a proportion of roughly 3.5 % for the common litter environment and ZHANG et al. (2000) proportions between 2 % and 5 %. An estimation of a random maternal effect variance was not different from zero. The phenotypic correlation between left and right side teat numbers estimated from raw data was 0.56. Similar values between 0.50 and 0.60 were found by NACHTSHEIM (1925) and SEO et al. (1996) , somewhat lower correlations of 0.39 to 0.42 by SKJERVOLD (1963) . The phenotypic correlation can be interpreted as a repeatability for teat number counts per side and therefore as an upper limit of the heritability (SKJERVOLD, 1963 ). An analysis where the teat number was treated as marker for direct or linked effects revealed a significant influence of teat number on birth weight and daily gain during pregnancy, on carcass length, on the fat thickness at neck, at the middle of the back and at the musculus latissimus dorsi and on the belly fatness score (Table 4) . Animals with an increased number of nipples had a higher birth weight and a longer carcass with a reduced fatness. In accordance with these results, LIGONESCHE et al. (1995) reported favourable genetic correlations of total teat number and the number of patent teats with growth and carcass traits. WADA et al. (2000) detected QTL effects for carcass length and birth weight on chromosome 1. Near the same region CASSADY et al. (2001) found a QTL affecting the number of nipples. This is in good agreement with our results, if there exists linkage between QTL for these traits or a single QTL with pleiotropic effects on all three traits. Further QTL for teat number are reported on chromosomes 2, 3, 6, 7, 8, 10, 11 and 12 (WADA et al., 2000; BIDANEL et al., 2000; ROHRER, 2000; CASSADY et al., 2001; HIROOKA et al., 2001) . HIROOKA et al. (2001) suggested that imprinting plays an important role in the expression of teat number. Significant effects of teat number as a phenotypic marker could therefore be due to the confined pleiotropic effects of one or several of these and other yet undetected QTL or due to linkage.
Hairiness
The density of hairiness in the F 2 -offspring varied from near hairless to very dense haired. A heritability estimate of 0.27±0.07 (Table 5 ) and proportions of 0.06±0.02 and of 0.02±0.01 due to common litter environment effects and to maternal effects were estimated. Table 5 Variance components of the traits hairiness and set of ears and the corresponding c A reduced number of hair follicles was probably inherited by the Piétrain boars because of the observation of nearly hairless animals in purebred Piétrains occasionally made by the author. From Table 6 can be drawn that the gene or genes for a reduced density of hairiness are present in the progeny of the Piétrain boars "Florian", "Vehemenz" and "Vento". In contrast to these pigs the offspring of the boars "Felix" and "Mike" were very densely haired. Table 6 Results of the judgement for hairiness and set of ears; the percental proportion and number of animals (in brackets) listed by Piétrain boar and category (Beurteilungsergebnisse für Behaarung und Ohrform; prozentualer Anteil und Anzahl der Tiere aufgelistet nach Piétraineber und Kategorie) In the F 1 no little haired animals were observed. This is possibly due to recessive alleles responsible for the density of hairiness. ROBERTS and CARROLL (1931) described a simple intermediate mode of inheritance for the hairiness in Mexican Poland Chinas, where the allele for little hairiness is recessive. In our investigation the density of hairiness also seems to be inherited recessively. Whether the Piétrain boars have the same kind of hairlessness can not be concluded, but it is possible, because the Poland Chinas have the Berkshires as ancestors like the Piétrain. Like teat number the trait hairiness was also used as a marker for direct or linked effects (Table 7 ). Significant effects for hairiness were obtained for birth weight, dressing out percentage, abdominal fat, loin eye depth, pH 24 of the ham, carcass length and loin eye area. The animals scored as "little hairy" are on the one hand in some traits more similar to purebred Piétrains because they had a shorter carcass, a higher dressing out percentage, a thicker loin eye depth and a larger loin eye area. On the other hand they had a higher weight of the abdominal fat and a higher pH 24 in the ham. In our experiment a good meat quality can be expected because all Piétrain boars were genetically stress resistant. The obtained results suggest that QTL alleles for less hairiness are linked with Piétrain specific alleles for higher muscularity and cryptic alleles for abdominal fat weight. Set of ears Several distinct forms of ears from prick, as shown by Large White pigs, to lop, as shown by Landrace pigs, were observed in the F 1 -and F 2 -offspring. Between these two extremes many intermediate types were observed, e.g. forward directed ears as in the Piétrain breed or lateral directed ears. The aim of our judgement was to separate the prick-eared pigs (categories 1 and 2) from the lop-eared pigs. Assuming that lop is simple dominant most of the F 1 -animals had to be lop-eared, because 13 of the P-dams were Landrace or Landrace × Large White pigs. But in the F 1 only four pigs had lop ears and in the F 2 the proportion of lop-eared pigs was 18.6 % (Table 6) . It can be concluded from these scoring results, in accordance to CARR-SAUNDERS (1922) and in contrast to PORTER and TEBBIT (1993) , that prick is dominant and lop is recessive. From the analyses where the set of ears was considered as a marker (Table 8 ) a significant effect was obtained only for growth traits. Lop-eared pigs had a higher weight at birth, at weaning, at the beginning of the fattening period and its end. Also higher corresponding daily gains were observed. From performance test station results it is known that the Landrace pigs have a superior growth performance compared to Piétrains (KETELS, 1998) . A locus for lop ears may therefore be associated with Landrace specific QTL alleles for growth. In mice many mutants with ear defects are known. The defects occur as "droopy" ears reduced ears, hairy ears, low set ears and small ears (BUNDY, 1950; CURRY, 1959; LANE and LIU, 1984; THEILER and SWEET, 1986; RASBERRY and CATTANACH, 1988; LYON et al., 1996) . "Droopy" ear is mapped to chromosome 3, the dominant reduced ear to chromosome 4 and the short ear to chromosome 9 of the mouse genome (URL: http://www.ihr.mrc.ac.uk/hereditary/MutantsTable.shtml). These results maybe useful for the detection of QTL responsible for set of ears in pigs. The knowledge of QTL for the set of ears can help to breed pigs with desirable ear forms, because pigs with large lop ears are often frightened when they have to move.
4. Conclusions From our results and the current knowledge on the inheritance of these traits it can be concluded that teat number is less suitable as a phenotypic marker, because this trait seems to be polygenic inherited and there is virtually no difference in teat number between the founder lines of our experiment. In contrast to teat number both the significant effects on performance traits and the presumably monogenic inheritance suggest that "lop-ear" could serve as a marker for Landrace alleles and "little hairy" for Piétrain alleles in similar crossbreeding experiments.
